PH-AAK-T o8

RENEWABLE ENERGY
) AND
CHARCOAL PRODUCTION

Michael D. Benge
Agro~forestation Advisor

Agency for International Develspment
Octcber 1978




1ETNT

ARCXROWLZDGEN
I wish tco thank Dr. Waltexr E, Parham ant Roger D. Hoellexr
of the QZfice cf Science and Technoclocy, 2ID, Washingten,
and assistance In preparing this docur
vtended to Mescers. Soespn Wainw
staff of the Depart-

also
anéd the

ané Yves Guery

T o s
nd o
i&XT X

T
-

nce

rt-au-»?x

stance during my consultancy

<
s2

ané as




FILE

PREFACE

Haieil is in a state of crisis! This has bean brought about by =

growing population, unemployzent, =alnutrition, low productivity, a
severe shortage of renewable and reasonably priced alternative sources
of energy and misuse of the iznd.

We need forests, not just for lumber and fuel. We need then be-
cause they provide oxygen and help control temperature and climzte. They
collect and stere rainfall, provide z wildlife habitat and prevernr ccil
erosion.

Maybe science can f£ind a substitute for wood as lumber and
but not for the rest of these services. Ironically, as forests
"harvested' for z profit in a few pockers, lumber becormes too expensive
for the average Zazily and the cost of firewood ané charcoal drzin the
family budget.

AID has recognized that the destruction of forests hampers econczic
growth in deve.oping countries. Cne activity thzt may reduce damage to
the remairning forests iz "rree farcming'. This means planting and culcri-
wating trees as if they were an agricultural crep. Like other crops,
the trees would be systematically harvested on 2 sustained yield basis
for fuel, fertilizer or fodder. For the past few years, Auerican and
other scientists have studied this method of growing trees and are con-
vinced that enormous numbers of trees can be grown rapidly for soil com-
servation, for use as fuel and asspciated benefits. Tree farming, in
addition to providing fuel, can cffer ezployment to rural inhabitants

anc provide an energy base for rural industries.




Beneficiaries

Food, water, shelter, and warmth clearly are basic human needs, and
to provide for each of these needs in Haziti requires a sustainable forest

cover on certain parts of their land. How does z forest cover benefit

the poor in Haiti? Rains now are stripping the country's soil at an un-

usually high rate. Wnen soils disappear so does food. Im the past,
forest blanketed the hills, ercsion froz runcff was slowed, groundwater
was rechzrged, and streams flowed year round. Dry streams and falling
wvater levels in wells now severly affect the rural poor. Eroded silt
froz the treeless hills dacmages the breeding grounds of aquatic food
resources, shrinks the water storage capacity of reservoirs, and des-
troys the hydroslectric potential of costly dams. As forests disappear
soc do the poor's building materizls, and in Haiti many of the rural p20ple
already live in shelters of sticks and mud. The habitats for birds and
other wildlife have diminished thus reducing the normal population of io-
portanr l.Tact predators, the result being increased crop losses froo
aroy worms and the like. Firewood znd charcocal for warmth and ceoking—
where wil}l they cozme from if the tree cover continues to be erased?

It is evident that the beneficiaries of this oproject will incozpass

not cnlv the peor but the entire social-—econcmic strata of Haiti.

Walter E. Parhan
Office of Science and
Technology
AID
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ABLE ENERGY PLAXTATIONS

OR ARCOAL PRODUCTION

The Problenm

Haiti is in a state of crisis! This has been brought about by a

growing population, unemployment, malnutrition, low productiviry, a
severe shortage of renewable and reasonably priced alternative sources
of energy and misuse of the land. The lack of adequate amounts of
arable land ané the cutting cf trees as a source of fuel, firewood and
charcoal, has resulted in the m: .,sive deforestation of the hills and
mountainsides, causing accelerated erosion, soil depletion and severe
environmental degradation. Food production per hectare in Haiti is
presently one of the lowest in the world. The productivity level
continues to decrease as population increases and as the physical and
biological resource base deteriorates further exacerbated and accel-
erated by increased soil erosica and water losses directly resulting

from deforestation (USAID/IAD Project Paper No. 521-T-008, 1976-79).

Haiti could be considered the epitome of the thecrv of "circular

' Low nutritional incake, poor health, under-employment, low

causation:’
productivitcy, etc.
It is estimated that over 97 percent of the populztion of Hairi

cook their food using wood or charcoal. The majority of charcoal in

Haiti is consumed in Port-au-Prince. Bsrren, eroded hills show clearly

the results of man's quest for firewood. The United Nations reported in

1976 that the charcozl industry in Bairi would only be able to satisfy




the demznd fuel needs for ten years. (Reader-Roitch and Zenny, 1973).

Is Haiti to become the first victim toc the "Malthusian Theory?"

Consumprion Estimstes

The total amount of wood consumed per year has not been accurately
assessed in Haiti and any figure given would bo highly approximative.
Lundahl (1976) projects a total wood consumption figure of abour 20

million EBIyr. Fhitney(1978) estimares 2 consucption rate of 12 million m

of wood/yr, and of this amount, 10 million a3 is used for cooking. The
UN-FAO reported in 1975 that the amount of natural forest re=maining is
estimated equivalent to 150 million =3 of solid wood. Wood consumption

*4n 1974 was estinzted at £.73 =illion a3lyr (solid-wood equivalent),

with firewood and charcoal a=ounting to about 95 percent of the total
(Raeder-Roitsch and Zenny, 1975). Estimaces by the Ministry of Agriculture,

3 solid-wood

however, show household consum=ption even higher at 5,056,000 m
eqguivalent (Hainwright,'1976, as cited by Zuvekas, 1978), This figure has
been questioned because ti;e growth raze of the number of households was
oaly haif that usel by Wainwright. The projecreéd annual forest regrowth
was esticared o be only 1 wmillion o3 (Raeder-Roitsch and Zenny, 1975).

Earl (1976), however, gives 2 more conservative estimate of the consumption of

wood for fuel as approximately 4 million 2d in 1976, giving a per capita

consumption of 0.87 w3. Of this amount 436,800 »3 was converted to char-

coal yielding an estimated 54,600 =z.
Conservation Foundation (1977) estimated Haiti's population to be¢
approximately 5 million. Thus, the present annual rate of fuel-wood/char-

cozl consumption would be 4.35 million o3 using the per capita consuamption
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WOOD CONSUMPTION AND FOREST REGROWIH
IN HAITI

Remaining Nartural Forest

Woouo din m3

150 million = (sclid wood equivalent)

Total Weod Consumed

Kood in m3

8.87 millijon
13.125 willion
4.75 wmillion
5 willion (solid wood egui--
valent)
29 million (approx.)

12 million (approx.)

Projected Annuzl Forest Regrowth

Wood in m3

1  million o




WOOD CORSUMPTION AND FOREST REGROWIH
I BAITI
(continued)

Consunption of Wood for Fuel

Coasurmption of Wood for Cooking

Wood in m3

4.57 million w3

10  milldon m°

Charcoal Consumption in Port-au-Prince

Wood equivalent o3
(8 3 wood = 1 ton charcoal)

1970 3/ 0.112 million w3
3

1974-75 3/ 0.437 million m




WOOD CONSUMPTION AND FOREST REGROWIH
IN HATTI
(continued)

REFERENCES

1/ Raeder-Roitsch and Zenny, 1975
2/ Lyndahl, 1976
é/ Wainwrights, 1976, as cited by Zuvekas, 1976

4/ Whitney, 1978

/ Earl, 1976
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figure of 0.87 =3. However in Earl's calculation, he mistakenly usec the

-
for the net loss of forest resources (3.75 million =) ané not

the figure reported for the total acount consumed, 4.75 million 3.

Regardless of which figure is correct it is relatively z wmoot point
because a downward adjustment in d:zand projectioms only suggests & past-
ponement of the crisis but does not eliminate it. What it does oearn the
ough is that in 1674 che forests were being cut down at &.75 tizes the
estimated rate of regrowth.

As many as 1 million vpeonle of Haitri's rotal 5 million nonulatiorn
live in urban areas. Here it is estimated that 40X of the families usse
charcoal for part of their domestic fuel requirements. Approximarely 304
of the total amount of charcoazl producad is consumed in the Port-au-Prince
area wnere the consux zrcoal increased by 13,008 mt from 1970
to 1975, averaging 19%/yr (Earl, 1976). Charcoal cousumpt ion will have
risen to apprexiczately 40,000 ot in the Port-au~-Prince zrea and 80,000
ot nationwide by 1979 if Earl's projections nold true. ne charcoal
consumpticn would be disprcporticnate in cother arecas, however, due to

out-migracion , zreas to the rapidly expanding urban zcopu-

lation of the Port-auv-Prince area.

~ Enviromment and Charcoal Praduction

Charcoal-making activities are often preceded by burning operations

to kill the trees before they are cut down. The reason for the burning

are both institurional and rechnical. Charcoal-makerse are allowed to cut




"jead" trees to make charcoal so when the trees are killed in the process
of burning, it legalizes the cutting of the tree. Haitian law forbids
tree cutting without a permit. However, this statue is nearly impossible
tc enforce and, who can deny a Haitian fuel to cook his food nor the right
to live. 1In addition, “dead" trees (cured wood) burn completely in the

charecoalizarion process producing a higher quality of charcoal than that

from freshly cut trees (green or uncured wood). It is alsc easier

to harvest rhe trees since thorns on the trees, cacti and underbrush zre
burned in the process. Unfortunately, trees that are burneé before felliny
usuzlly do not coppice { ratoon or sprout (Earl, 1976)] . Once the trees
have been cut, goazs and cattle b.Iwse the coppice that have survived the
burning, as well as any newly sprouted seedlings, killing then and pre-
venting the natural proucess of forest regeneraticn. Each year as core
trees are cut down, the rzte of natural regzneration cannot match the

rate of consucption, acellerated erosion resulrcs, environnental degrada-
tion is excerbated, wood progressively becomes scarcer, the price 0f fuel-
wood and charcoz) soars and the paeople get progressively pcorer. Estimates
of the past few months suggest that the price of charcoal has increasecC os
ruch as 20 percenz, further evidence that wood is becoming scarce. The

lack of a readilv available and inexpensive substitute for charcoel and

firewood, counled with the present rate of forest destruction, poincs to

an impending fuel crisis in Hairi.

a
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USAID's Presen: Reforestation Elforts

- s A . *

The USAID/DARNDR Integrated Agriculture Development Project targets

for watersheds for soil conservation and "reforestation". Reforestation
mey be a2 misnomer for unless large parcels of state land are released

to DARNDR, the best that can be done is to get farmers to olant a few

trees. One of several watersheds in the Jean Rabel region is targeted
for “cree planting'" under this program. The other three targeted water—
sheds in the project are locatad in the Jacmel, Les Cayes and Thomazeawu

regions. Road construction is also part of the project, however, when

roads zre built to "service" rural zreas they sometimes serve as vehicles

re accelerate deforestzrion and envarcmmentzl degradatiomn. Persons who

deal in wood and charcoal are provided access to arzas that were previously
inaccessible,

Each veek an estirated 12,000 sacks of charcoal leave the
Jezn Rabel region for the Port-zu-Prince area. A sack of charcoal

weighs 30 kg (30 kg x 12,000 sacks = 360,000 kg or 360 =t). To produce

. - . . < . 3
one wertric ton of charcozl requires abc.t 8 3 of wood .8 = x 360 mt =

2,880 o3 (tarl, 1976J). The deforestation of the Jean Rabel region is
proceeding at a race of 288 ha/week or 14,024 ha/yr, based on Earl's
estimated growth rate of 10 o3 wood/ha/yr. Earl calculates that approxi-

>

mately 1 million ha/yr of the rotal forest cut naturally regenerates.

-

* YUSAID/DARNDR — Unired States Agency for International Development in
cooperation with the Department de 1l'Agriculture des Ressovrces et du
Developpement Rural. The Acronym for rhe Intcgrated Agr iculture
Development Project, in English, is IAD Project and in French, PDAIL.
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The deforestation rate of Jean Rabel region nevertheless ig proceeding

at = rapid pace of 10,381 ha/yr. USAIGC/DARXDR has yet to estimate the

size of the Jean Rabel watershed but it probably does not exceed 10,000

ha. Under ideal conditions, less than 20 percent of this amount could
be "raforested" ~— planted to trees during the five year life of the
praject. Wnile 2,000 ha of trees are being planted through the USAID/

DARNDR IAD Project, charcoal preducers will be busilv cutting dowm some

53.000 heccares of rrees. The rate of deforestztiorn will exceed refore-

station by a factor of 23. "Frightening?"
. Haitian peasant must cut tress to clear his land for culciva-
for fuel-wood. To change the agricultural practices ol some
nilliop peasants would be 2 monumental task and would require an
educational process that would span generatioas. New improved agri-
cultural systems and practices like crop rotation, centoszring, seed and
crop selection, and agro-forestation, need to be devised and introduced.
Tne establiishzent of tenewable energy plantations is one such cropping
syste=. Unfortunarely, it is not possitle to establish the value of

ecological and socizl gains in & fimancial analysis of such changes.

Altérnative Sources cf Enerpgy in Haiti®

Possible fuel substitutes Zor charcoal and firewood are:

(1) Petroleun Products —- Haiti is now votaily dependent on imports

obtaining petroleun products. Lundahl (197€) states that "petroleum

* A useful survey of technologies appropriate to the rurzl sector is
contzined in National Acadaomy of Sciences, Enercv for Rural Develooment,
NAS, Washington, D. C. 1976




rese~ves no doubt exist in Hairi but their extent is not knowa". Woodring,

Brown and Burbaank {3in 1974) conducted surveys showing that favorable

gecicgical conditicns exist that indicate che possible presence of oil

deposits in Haiti. The Aclantic Refining Co. (berween 1944 & 1947) under-

took a series of test drillings that confirmed these geological results,

while z series of drillings in the Ile de la Gonave in the mid-fifties

(by John Mecom, Commonwealth 0il Co.) were less successful. Additional

exploration was sazid to have taken place in 1977 but the results

are unknown. O03il has been found in the Azua region of the

Dorminican Republic in a geclogical setting similar to that of the

Haitian Plaveau Cenrral (Lundhel, 1876}. Regardless of whether or

not petroleum deposits exist in Haici, oil would not be marketed nor

have any impact as a fuel resource Zor the foresseable future.

(2) Coal —— Hairi lacks coal deposits having high carbon coatent, but

seexs to possess the mDost extensive lignite deposits of the West Indies.
fuel value of the lignite, however, is comparatively low and its high
content reduces its fuel value (Lundhal, 1976). Bur, it is possible

these deposits —ould be economica’ly exploited by the conversion of

. s - o R S
ligaite, through the orocess of coal gasification, into a more use-

form of energy.

Gasificaticn:%ood or coal can be used as a raw material for the production
of producer gas (carbon monoxide) and water gas (carbon monoxide and
hydrogen). The most efficient use of producer gas is in boilers,

since heat generated by the exothermic process is captured. 1In 1969,
wood-fueled producer gas plants were operating in several LDCs, Kenya,

Svi Lanka, Indiz, and West Africa). Water gas can either be burned

or used for the synthesis of mecrhanol (Palmedo, et 21, 1978).

—r
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(3) Bilogical Waste — Methane gas can be developad from food and agri-

cultural wastes and sewage slime. Systexmatic cooperation of large numbers
of Haitians would be required “or cocllecting adequate aco mts of organic

matter to support significantly large methane production. Sewage col-

lection, at the present time, seems to be the greatest cbsctacle to such a

scheme. However, it has been reported that the Inter-Anerican Bank is
exploring this potential.

(4) Hvdroelectric — Haiti is estimated to have the potential for

producing 148,685 ¥ of hycroelectric power (Lundhal, 1976). Extrenme
denudation of warersheds and accelerated rates of erosion resulting

in heavy siltation, however, inhibits developnent of this energy source.
For example, the efficiency of the Arcibonite Valley dam has been reduced
by 4C to 60X in 2T yTs. (Conservaticn Toundaticn Letter, Nov. 1977; and
Zuvekas, 1978). Thus, it is evident that the nydroelectric petential oI
Hairi cannot be exploited economically without massive reforestation and
soil comservation eZforts to reduce siltatiom.

-4 -

(3) Geothermal —— Geothermal potentizl exists in Baiti in such «. 5 &S
the "Chaud Sourdre'. However, exploitaticn of these energy sources is

difficult and tize consucing. Therefore, it would offer liccle relief

to the energy needs of Haiti in the foreseeable future.
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Viné Epersy —— Kaici lies in the belr of the norcheast trade winds,

-

wirh prevailing winds from the nortneast or east. Thereiore, wind might
serve as an 2nergy substitute for wood ané charcoal (Lundanl, 1976). Wind
energy generated in rural zreas, however, would do little to raduce the
rate of deforestarion be.ause the majority ~£f charcoal consumed in Baizi

is in the Port-au-Prince areaz. The wind energy potentizl here is Iimited.
The large scaie utilization ¢f wind energy for the foreseeable future

in Haici dces not seem a2 viable cpriom.

(7) Nuciear Euergv — The probability of anuclear energy becoming a

-~ *

The high cost and present level of technology cekes

of solar energy e« cmically unfeasible for the Haitian
pe2sant. The widespread use of solar energy would reguire messive informal
educational pregrams in rural Haici. For the Hzitian peasant te use solar
energy to cook his food would require 2 mzjor change in his eating habits,
a difficulc gask to achieve in any sociecy. The use of sclar energy in

m2jor popularion centers, however, for heatring water in hotels, hospitails,

(97 Renewahle Dendro-energv Plantations — Today, the case for sustained

yield fcrest management for energy production is particularly strong, given

the hiyh cost to the rural poor of zlternative forms of energy for fuel

(electricicy, kerosene, solar power). In Haiti, however. the Government

wuld need to take an active role in such z program in order that sufficient

iand be mace available for establishing and systematiczlly exploiting
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b

renewable energy plantaticns. Further, cthey would need to oifer incestives
to create a2 favorable climate for investment by the private sector. Money
would have to be made available by internationzl lending institutions through
capital investoent soft loans te ease the econozic burdea on the private
sector until plantations were established and produciag wood.

Econozically it is feasible to produce charcoal ané firewood by

raising fast-growing trees such as Leucaena leuvcocephzla in renewable

energy plantztions. Renewable energy plantations are already in existeace

in Prazil, ir which a fast growing variety of Fucalvotus is being propagated,

and in the Phxlippines, where lLeucaenz is being grown for conversica into
charcozal.

A Suggested Stratesy

Irmedicce Acticns te be Contemvplated by the GOH and USAT

The extrene envirommental degradation, exacerbates by the present
nefficient systex of charcoal producction, and the impending energy crisis
in Haiti, give credence for the justification of the ‘ollc

L. Removal of the toriff icpoc28 cn kerosene — The use of kerosene

»

as a supplement Zor charcoal in the Port—av-Prince is a possib
expensive kerosene stove has been developed and manufactureé in "Dutch Curacao"

(Duteh Indies) costing $0.40/unit (2lso see Moore as cited by Lundahl, 1976).

Lo

The tarifif imposed on kerosene by the Haitian Government would have to be

"

-

reooved if such stoves were to be of econcmic value.

2 Subsidizaticn of the cost of kerosene — The U.S. Government should

: - - '3 - » -

consider subsicdizing the cost of kerosene in Hoiti as = tesporary stop-gap
measure to deter {urther deforestation and the likelihotd of an ecvlogical

disaster.
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3. A celing wrice for charceal —That the GOH intervene to ser

a2 celing price for charcoal vhich could be adjusted in accordance to the
infiactionary trend. & large portion ol the fanmily budget of the urban poor

of Haiti is spent to purchase charcoal for cooking fcod. The price of
charcoal is disproportionately increasing in comparison to family incones.

The retail price of charcoal has increased by 207 according to recent reports,

thus, the already desperately poor urban dwellers are fast becoming poorer.

Haitians earned 2 pver capita real incoze of S134 (U.S.) in 1976, about the

figure for GNP is net much use in cozparative

people are much poorer than the per capita
the wide disparity between the earnings of

the poorest aad the richest sections of the economy.

4, Licensing of 211 wholesale and retail charcozl dealers—That the

GOH intervene to license all wholesai: and retail charcoal sellers. The
marketing of charcoal products will be done through the traditional smalli-
Only those wholesalers and retailers who are
ted to engage in the marketing of charcoal., Tees
collected will go to DARNDR and be used for the purposes of reforestation,
the establishzment and mzintenance of parks and wildlife preserves, and
the management of forest lands.

5. Regulztion of ¢ < rict (interstate) cransportc of char—-

coal — That the GOH will intervene to regulate the incterdistric (inter—

state) transport of charcoal.

6. Exploitation of the lignite deposits — Thae USAID finance 2 study

-

on the feasibility of the exvploitaticn of the lignite deposits in Hairi and




the conversion of this lignite, through the process of coal
into a rmore useable form of emergy. Haici has the cost extensive lignite

deposits found in the West Indies (Lundahl, 1976). Zventhough these de-

posits dc not have 2 high calorific content, approximately 2.5 kecalfg at

Camp Perrinm and 4.3 kcal/g at Maissade (charcoal is 7.1 kcal/g), it should
be possible tr- comvert the lignite to gas (Earl, 197&). The EXON Corpo-
ration is cae of several corpecrations who have done extensive research in

- -

the science of coal gasification. The U.S. Government should explore the
possibility of financing exploitation of these deposits as an alternative

source of energyv to supplement the needs of Haiti if this study shows &

positive potential

7. Establishoent of renewable dendro—energy plantatioms — 1t is

proposed thar reanewable dendro—-energy plantations be established through the
creaticn of 2 corporation pessessing z "public utilicy { -anchise' Zrom the

ian Goverrment. TI would put into a2 single organization a syste= for

izapce; build an cerganization with the

;. technolesy and know-how ancd decentr

ex: .2l resources tc bear on

canner ~ thir ize will be selfi-sustaining. Leucaena leucocecazla would

be the tree species usesd, characterizing the init! 21 establishment and operations
phase.

Penewable Energv that is a2 Realirty

-

Denis Hayes of the wWorld Watch Institute (1976) stated that "Two years
age the worid appeared to have three energy alternztives on which to build a
substainable post—petrcleu= world: coazl, nuclear power, and solar energy.

Today we have one clear-cut option: the sun.”
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The late Eaglish econozist E. F. Schucacher im his epic book, §
Beautiful, suz—ed mankind's proble=s today as:

“"Since fossil fuels, the mainstay of the modern svstes have ceased 1o
be cheap and may soon ceass to be plentiiul, many people are becoxing
interested in solav energy. They are looking for 21l sorts of man-made
contrivances to collect solar emergy. I am not sure that they alwvays
appreciace the fact that a mcst marvelous, three dioensional, incredibly
efficient contrivance already exists, more wonderful than anything man

f"ll

can nalie -— the TAEE.

Charcozl Production in Haitgi

High unemployment in rurzl areas results 3in the cest of labor being very
Charcozl~zzkers in 1975 received much less than the officizl minimum

. rate of $3.30/day, and when fully ezmployed in making charcoal produce

earning $0.60 (€ $0.20/30 kg sack). Woodcucters
of sracked wood/day, earning approximately $0.40/day
ely 4,370 persons are empioyed full time in the
production of «ci 1 wirh an aggregatve earning of $5340,000 (T.S.)/yr ,
an average of per capita (Earl, 1976). By using Earl's 1973 annual
sates of 3.75 =3 of firewood/charcoal and his conversion
ton, we obtain an equivalent of 0.46 millions tons c¢f charceal

-

this to 30 kg/sack at a price of $3.00/ sack,

-

sctry has a value of approximately $4

per capita expenditure of $1G.00/yr..

The price o; charcoal in Port-au-Prince is $3.00 a sack ($0.lO/ké).

The price is reported to Increase by 20% or $3.60/sack when sold piecemeal.

&

A sack of charcoal weighs approximately 30 kg, and the peasant who produces.the

charcoal receives approximately S$0.60/sack. Transportation costs are reported
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-«

to be as higi /sack when transported by truck for long distances.*
Thus, the cidéleman mzkes the lion's share of the profitr in the charcoal
industTy.

fHaitian peasants produce charcoal, using the traditional earth kiln
.7 kiln} technique. Seventy—five percent of origincl emergy potenfiial of
wood is lost in the process of charcoal-making but charcoal itself has a
ruch higher energy content ané gives smokeless heat, thereby making it more
suitable for indoor cooking (Vietmeyer, et 21, 1977). Tne U.S. Department
of Fores:t Service, however, gives the energy conversion rate for light
hardwoods te charcoal (dry weight) as 30.G percemt (USDA, 1962). Wnitney (1673)
reporcs that 5 o3 of wood are required tu make one =3 of charcoal accounting for
3

a conversion rate of 20%. The OAS estimates a production yield of 7.3 o’ of

wood/ha/yr (Doc. PEPASHaiti 78/008, cloture), while Earl (1976) projects 2
yield of 10 =3 of wood/halyr.

Earl (1976) calculated that, if a fuel plantation were established and
czintained, the production cost for wood would be $5.83153. Kowever, I find

-

that in his calculations his establishment costs were incliuded as a yearly
expense for each of the eight vears. This cost factor should only be
repeared if the entire plantation is cut each year and the particular species

of tree planted does mot coppice (ratoon). Moreover, Earl's planting costs

seex extremely high.

These figures were obtained in interviews with individuals in Jean Rabel
but have yet to be verified. Transportation costs of S0.4G/bag might be
a more reasonable f£igure. Often times the rrucker and the retailer ar
one and the sane. 1In the following suggested project strategy this cost
would be greatly reduced by locating the "Renewable Energy Plancations"
nearer the Port-av—Prince area andéd by the utilization of the "sugar case
trzin" rail line that is already in operaztion.
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The Organization of American Staces (0AS), through DARIDR, at present

proposes to fipance the establishment of a2 5,600 ha charcoal production

plantaztion over an B yess perioc o ime in Jean Rabel (Appendix A) with a

proposed cost of $2,856,104.00 (C.S.). Return on the project is expected

to be &,260,087 sacks (30 kg ea.) of charcoal or $6,340,956 worth of product

over 2 16 year period with an estimated return oI 7.0% per year on their

investment. Tne OAS projected annual wood yield is omnly 7.3 m3 of wood/hal/yr.

however, we use Brewbaker's (1975) yearly yield figures for Leucaenz of

-
3T
_~——

’

up to 10D —” of wood/ha and the projected cost/benifit amzlysis of the 0AS

» -

project, we find that Leucaens would give a significantly increasecd re-
rurm on the investzent
tlrhough the OAS propesal sounds appezling, its practicali
The two majcr limitations to the proposal are evident. OAS has chosen
towm of Jean Rabel as the prcposed site. Jean Rabel is quite
Port-au-Prince, the main carket for the charcozl. Furthermore, the Jean Rabel
area is densely populated and all of irs arazble landé is cultivated. The
majority of the Haitian peasanis are marginal farmiers but here licttle

parginal lané is availazble. Marginal farmers cannot zfford to gamble and

-

ailure. To fail mean disaster for the fa

unlikely that few, if any, farmers will risk tieing

their farz land with trees for s period of 16 years and risk starvasion in

the meantime. EIven DARNDR, who is charged with the responsibility of carrying
out the prograc, will re’l you that "land in Jean Rabel is not available

2nd cannot be obrzined for the productien of charcoal." Secondly, it is a
governzent/business program. Governments the world over have a poor track

recoré for running businesses. For success, the production of charcoal in
3




Hziti must be z business that is profit oriented. To quote the late
Senator Hubert E. Humphrey (November 16, 1977), "There is little reason
to hope that a purely public effort in the transfer of renewable energy
technologies would be successful, The success of that progran csuld
only be measured by the follow-up activities of private entreprea2urs

seeking to expand their markers and consequently the use of renewable

energy technologies in developing countries.” Therefore, the establisn-

pent of energy plantations must be left up to the private sector.




Fast Growing Tree Species

= -

It is proposed that Leucaenz leucocephzla should be the tree used

¢haracterizing the inisial establishment and operations phase of “renewable
dendro-energy plantations” in Haiti. The prolific nature of Leucaenz, the
ease of its establishment and menagerment, its ability to regenerate ziter
cutting (coppice), its adaptebilizy, its tolerence to highly alkzline

soils (which is the cocoposition of the soils of Eaiti), its rapid growch

rate and its gquality of producing high yields, gives credence to the justi-
icatior of its use. Cocparitive plantings have proved its value a2s a2 fast—-
growing—high yielding wood for use in " :newable dendro-energy pliantations’
in Haiti. In these plantings L2ucaens, compared to twe other Zast grow-—

ing——high yvielding trev species, Eucalvptus and Casuarina, proved to be

superior in its adaptabilicy and rate of growth. Howsver, simulreneous

vlantinegs of orther tree species will be evaluated

'y

suitabilitv, econo~ic vzlive znd export onetential. This diversificaticn

would helec cffset znv unknown biclogical problezs cthat micht arise freom

& monoculiure.

A co—zonm varie | of lLeucaena has beem recorded in the Philippines as

3302 years (Renge & Curran, 1976;

yielding BE =>/ha in one year and 120 o

and Vietmever, et. al., 1977). The new "Giant" varieties of Leucaena

——

are estimated to yield as much as 100X more than the tommon varieties. 1If

Leucaena species were to be grown in Haiti, a scientific approach to re-

»

forestation would have to be carried out to include the inoculaticn of the
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seec with yielding strain of rnizobium, the addition of adequate
levels of appropziate fertilizers, varietal selection aimed a2t maximizing
the rate of growth and density/BTU value, and seed selection from pre-
ferred parental stock selecred according to size and specific gravicy

to give ootimuz and even growth.

Plantation establishment would not be a reoccuring cost if Leucaenz were
the tree species selected due to the tree's ability to coppice. This
would reduce the production costs o $3.03/m3 of wood preduced compared
to Earls' projected costs of SS.SB!z? since replanting can be avoided.
The ease of establishing Leutzenz by dibbling® (Benge, 1977, appendix B3
could teduce costs further to approximately $1.21/z? of wood, thus

redueing the production cests by more than 792.

Brewbaker (1975) comservetive:y estimates that Leucaena will vield 100 =3
of wood/ha/yr or ten—times the per hectare yield estimated by Earl (1976).
Tne per ha establishment and maintenance costs would remain constant despite
the yvieid, however, z per ha yield increase would reduce overall pro-

duc.ion coscs/sack of chzrcozl due to the velume processed. It would zlso

increase labor requirements creating more employment.

Wood for charcozl is at present obtained virtually free, as a royalty

$0.05(U.S.).sack amounts to lnly $0.20.m3 (Earl, 1976). As wood grows

Dibbling is a simple method of direct seeding whereby a pointed stick

is used to punch a hole in the ground into which seed is placed and

covered witrh dirt by a sweep of the foot. A modified hand corm planzer can
replace the dibble and greatly increase the sowing rate (see Appendix B).




- 19 -

scarcer, it is likely that the charcoal producers will continually pay

higher prices for wood. Leucaena, therefore, seems very competitive.

Carriedo, KB, L8, K67 and K77, varieties of Leucaena, are recommended
for planting. Seed tree plantations aTre needed to be established to
insure a constant supply of high-qualiry certified seed. Seed will be
selected from the most desirable "mother trees" possessing the qualiries
of: optimun height, straightness, rapicity of growth, demsity, 2tc.
Seeds for planting should be graded as to size (large) and specific
gravity (heavy). All succeeding generations of seeds Fj, Fp, etc. should

be seiected by rthe same process. All plantings should be done scientifi-

cally, to include inoculation with the proper strains of rhizobium,*

fergilizers, etc. Experimentation should be conducted to determine
which varieties of Leucaena are best suite¢ for propogation by determining
mayinum growth rate, beszt charcoaling properties, highest BTU wvalues,
climatic and topographical suitability, etc. Varieties for propogaticn

will be selected accordingly.

A 3.200 hecrare vlaentation of Leucaenz, wanaged on a sustainad visid basis,

-

would be needed to grow enough wood to satisfv the projected charcoal consump-—

tion for Port-au-Prince for 1979 if Brewbaker's estimate and Earl's projections

-

* Commercial quantities of inoculum may be obtained from: J. Burtonm,
Nitratin Corp., 3101 West Tuster ave., Milwaukee, Wisconsin 53209.




Renewable Energv Plancations’

is prorcsed:

1. That a2 stuéy be conducted by Stanforé University and the Xatural
Energy Inscitute of Hawai: on the feasibility and econoxics of the
establishment of renewable uvnergy plantations, the present Trate of produc-
tion aznd consumption of charcoal, identification and land tenure status
of the charcoal producers and persoms who cut and haul wood for charcoal
production, anéd the econumics of charcoal procuction in Hadlrci. Stanford
University and the Natural Energ, Institute of Bawaii* has probeably
conducred more research in this field than auy other universities or

-

groups. Tney have published 2 book on the econonic feasibilicy oI

renewatle energv production (wood) in the U.S. (Reynolds, et. al., 1973).

2. That a review of the present laws and statutes be concducted
concerning the leasing of state land. In adéition, a study should be
conducted of the records cof Bureaua of Ceatributioas to determine under
whay concractuzl conditions a: ~ lands presently leased, to whom
they are leasedé and that thece be ideatified as to locarion and size.**
The initial phase of this study should focus on state lands from Port-au-

Prince North along Route 101 to Gonaives, inland fronm Route 101 o

Thozazeau and up to 500 = above sea level.

This study was conducted for and in the Cooperation with the Natiernal
Energy Institute of Hawaii at the University of Hawaii, Horolulu, by
Professor Channing Robertson, Depeartment of Chemical EZIngineering at
Stanforé University and Dr. Donald Grace, University of Hawaii Center for
Energy Research and Dean John Shupe, Xarional Energy Institure of Hawaii
at the Eniversity of Hawaii.

%]t is recommended that a person from the U.S. Depari=ent of Interior be
be brought in to conduct these studies (PASA Contract).
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3. That a land use map be made of both state and private lands in the
aforementioned areas and in the same sejuence.

4. That a review be conducted of present laws and statutes concerning
reforestation, and specifically those which deal with the mandatory
reforestation ¢f state land by the lessors of thart land.

5. That the U.S. Government intervene on the ambassadorizl level with
the GOH to encourage release of all state land for cmanagement to the Departement

Ressources Nzturelles ez dv Developpexment Rurai. Phase Coe
release shouvld concentrate on those lands mentioned above (me.
That once these srate lands are under the wanage=zent of DARND
of srate land will be informed that if said land is not preperly
and is nect being productively used,™ the lessors will have cthe choice
ing the land or their liease will be invalidated.
land along route 101 f£rom Porg-au-Prince to Gonaives be
set aside by DARIDR for the establishment of "Renewable Energy Plantations."
8. That the GOE grant a "Public Utilicy Franchise'" to include the power

- -

to exercise cthe "right of exinent domain" te a segmenc of the privace sector

(specified below in No.1l,; in order that a renewablie wood-fuel/forest potential

can be re~established, developed and expleicted to reverse the present trend
of acute and accellerated envircnmental degradation.
9. Tnat the U.S. Government provide capital development soft loans,

through local lending institutions, te private U.S. coapanies for the

development of "Renewable Energy Plantations."”

s »

"% A clear definition of this rerm will be =ade by DARNDR.




10. That the U.S. Government gvovide incentives such as tax breaks,

etc., to these U.S. private coopanies for the purpose of emcouraging thenm
to participate in reforestation of Haiti through the establishment of

Renewable Energy Plaatatiomns.

11. That a corporation be formed, which I will term FORTEC (Forest
Technology Co:pora:ioa), and regisrered with the Haitian Gevernment.

2. A charter will be drawn up on this corporation specifiying
its purpose, objectives, etc. FORIEZC will have a board of directors
and be able to sell shares of stock in the corporation., 1Ihe prizary
ohieczive of FORTEC would be to create a technclogy source io Te-
estabiish, develop and exploit a wond—-fuel/forestc potentcial in
Haiti.

b. These above mentioned obj ctives will be achieved by FORIEC
carrying out the following activities:

(1) Research and Development
{2) TReforescation

(3) Forest Management

(4) Wood Productioa

(5) Wood Conversion

Discussion of the above points is given below.

Research and Develoozent — The research and developzent
cozponent of FORTEC would encompass the following:

(1) It is suggested that research and developnment of
wood-fuel/forest type activities be conducted under centract
financed by direct (US) AID funding.

(2) FORTEC would coordinace its research and developzent

acrivicies with DARNDR and share the results of these activi-
ties wirth then.

(3) A rhizobium production facility will be established
4n the Scils Department of the Faculty of Agriculture and
Veterinary Hedicine. This facilicy would not only produce




the strain needed by Leuczena to zmaxicize vields, but additional
strains needed to incTeézse vields of beans and other leguzes.
It is suggested that this be done under separate project funding.*

(4) That FORTEC will research and develop the process
and technique of pelietizing (with rhizobium and ferctilizer)
and the aerizl seeding of Leucaena in cooperation with DARNDR
(see attached paper, "Dibble", iAppendix B).

(5) Tnat technical an® monetary a
simulrazaecusly to other arecs of !

-
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(6) Research on L and cther tree spec
conducted as outlined i ~ section, "F
Tree Species™.

(7) That T vich USAID/DARNDR e research
and develop more  &py " to increase the efficiency
Taiwan, Philippines
and Guatemzla are acong some countries that have developed rela-
tively rmore effecient stoves which are sizmple to construct frem
clay (see appendix C). The production of these stoves would not
only save energy but create a2 cottage industry as well.

(8) That FORTEC will research and

pethods of charcoazl production andé the u

pyrolisis, of the by-prcducts produced

coalizarion. FORIEC will i: 2lly ecploy
rmetheds in the preducticn oOf arcoal such as the present day
"earth (pit) kila" methed. This method of production,

x

[N

The develcopment of a rhizobium produc
chrough a U.S. university, such as
ject, Maui Agricuicture Resestch Centa
96790, or a privace firm, such &S J
Tuster Ave., ilwaukee, Wisconsin 3

uort

(S SURL N

13




however, mayv be phaseé out as the enterprise grows, and nzher
methods of charcozl production prove to be imore economical.
FORTEC would then absorb the charcoal prcducers into more
rroductive labor if new methods of production are adopted.
Because approxicately 755 of the energy of wood is lost in
the charcoaling process, ncw izproved methods of charcoal
productien wiil be developed which will utilize this lost
energy. ©Oae such methed is the & stage forced-air—draic
charcoal producticn unit {currentliy in use in the Philippines).
Hot air, reccobustible gases and tars are by-products that
are generally wasted in the charcoaling process. The hot air
recombustible gas, through pyrolitic ceaversion {see
endix D), can be utilized for che generatici: of electricicy
lu:ber ”1;15 2tc. the electricizy

the maic power g'1d s34 90':«3& ?:ince. One use of
ould bte as a wood preservative.

woad Production o ‘ulzlll the needs
of the charcoal market, i3} take place to
incliude the following:

s

nting, production and marketing of wood on a
ft industry,

for comstruction purposes, and for the manufacture of hard-
board (masonite), particle board, cardboard, pulp, etc. Exzpha-
sis will be placed on the reforestatieca of the Artibonite Dac
watershed as well as other potential aydroeleciric sites,
wvacersheds Zor irrigation systems acd other critical erosion
areas that are economically ioporcanr as part of the expanded
wood-energy and wood industry scneses.

-

(1) The ;

la
sustained vield basis to be used in the handicraft

(2) Appropriate feasibility studies will be made in re-
laticn to market potencial of these products as well as an

s 3

appropriace technology devised to develop tThis industry.

{3) The aforementioned diversificsticn will be achieved
by expleiting the developzent potential of the swall entity
and the eutrepreneur through the issuance of franchise liceases
at a fee of 17 of the gross. A tctal specification package
would be furnished and compliance to standards set by FORIE
in cooperation wich DARNDR.

-

v (USDA), Madison, Wiscensin, has done




(4) The same scrategy will be used in the developzent of
a diversified wood resource base as was used in the development
of the ''Renewable Energy Plantations", to include the uciliza-
ticn and exploitation of state lands.

(5) A technology package will be furnished to these
“srivare growers' by the research and development section of
FORTIZC.

c. FORTEC's charter would stipulate that the company would
operate on & profic-sharing basis with the employees. The proiic
sharing will be in the form of health benifits including family
planning, education, housing, and a 30 rear retiremeat insurance
plan. Upeon retirezent : the company, the employee would own
his/her house which could be passed on s/her siblings dut . >uld
not be sold. Turzher, upon retirement TEC would cede an azount
of iand (sugg
lease", stipulating that 1/4 of it could be farmed while the other 3/4
would have to be kept in trees. The lané would be farmed on 2 3
vear rotational basis, the farmer moving te another 1/4 of his land
every 3 years. The abandoned land would be replanted to tTees
(tzer fallow). The farmer could not sell this land but ic can be
passed on fo siblings. FORIEC in cooperation with DARNDR/USAID
would assist in developing agro-forestation systems (crees inter-
cropped with annual crops) as outlined in the attached paper "Hill-
side Agricultural Manage=ment Systens" (Appendix E).

d. That FORTEC will offer ex=plovment to those persoas engaged
in the producction of charcozl (identified in no. 1) with preferen-
tial treatmen: consideration being civen to landless serseons. An¥
plas to change the future energy supplies for Haiti oust take.into
account the large number of pecple who depend entirely upon the
charcoal industry for survival.

e. That FORTEC offer ecployment, in iieu of displacement, to
those squatting on government land in the areas targeted for imcor-
poration into the proposed “renewable energy plantatioas".

f. Tnat the wages of FORTEC's exmployees be negotiated zat
nc less than the governzent wage level. This, as well as the
proposed igro-Icrestaticm schexme pianned for the emplcyees, zen-
tioned in no. b above, will act as an incentive to draw present
guasi-illegal charcaoal producers into FORTIEC.




12. That non-Haitian external cocpanies should own no more than 493

of the stock in FORTEC and Haitiams shouid own ro less thar 51Z. The
izplementing firms should maintain the majority voting stock until als
loans have been repaid.

13. That the Haitian Government lease state land to FORIEC at a
rate not to excead & to 9% of a pre-negotiated value of the land. This
rent tould revert to DARNDR to be used for reforestation activities.

14. That FORTIEC be zllowed te re-invest 30X of the isposed-corporate

-

.

income caxes into reforestztien as an iavestzent incentive.* This refores—

- -

tation would be in addirion to the normal planned expansion plan of FOIIE

15. That the Haitizn Govermrcent cffer te other businesses arnd private
individuals the opportimity to re-invest 503 of imposed taxes iate refores-
tation as an investmeant incentive.*

16. That the GOY intervene with private land owners who possess
unizproved lands within the aformentioned targeted area. These laad owners
would be requireé to improve their land hcldings by a system of agro-fore-

approved by DARNDR. As an alternative, the land owmers
would be offered the following options:
ortunity to becoze investor/share/stock holders in
FORTEC by leasing land to the cempany. Tne land owners would be given
a predetermined nucber of shares based on the assessed vaive cf their

land. TORTIEC woulé incorporate their land into the ''renewable energy
plantation"

a. the op
leasi

P
o

b. The owner could seperately farm/canage his land in a
energy plantation".

could plant and manage their land on a contract basis.

xecrﬁlbﬂﬁ extensicn services, harvesting and processing
“OQ =C.

The Brazilian Governzent has carried out a very successiul prograz in
“{nvestment incerntives for reforestarion" in lieu of taxes.




Conclusion

In conclusien, the aformentioned approach to the establishment of

-

"Renewable Energv Plantations" for the production of charcoal in Haivi

is feasible. The success or failure of such a2 strategy is limited only

bv rhe sinceritv, innovativeness and flexipility of the U.S. Govern-

cent and the GOH and their determination o do somathive positive o

ward off the impending energv crisis and the total environmental degra-

dation of Hairi. Not oaly would such & program oifer a source of re—

newable energy, create exploymentc, introduce new farning systems, in-
prove the living standards % the penple, create cottage industries,
improve the envirenzent, water resources and the soil conditions of Haiti,
but will reduce expendirures wasted on Iinfrastructure destroyed or dam-
aged by flocds. Unfortumately, it is not possible to establish the value
of the ecological and social gains in terms of a financial anmalysis, but
in Baiti they would dbe high.

The best exaople that wan be used to emphasize the need for refo-
restation is a quote froz T. Dale and V.G. Carter's (1955) book Topsoil

and Civilization:

"Man, whether civilized or savage, is _a child of nature——he
is not the master of nature. He must conform his dominance
over his environment. When he tries to circumvent the laws
of nature, he usually destroys the natural environzent that
sustains him. Ané when his environment deteriorates rapidly,
-his civilization declines. How did civilized ran despoil
this favorable ervironmenc? He did it mainly by depleting or
>r destroving the natural resources. He cut down or burned
most of the usable timber from forested hiilsides and val-
leys. He overgrazed and denuded the grasslands that fed his




I4dvestock. He killed most of the wildlife and much of the fish and
other water life. He percicted crosion tc rob his farm land of irs
productive topsoil. He allowed eroded soil s clog the streams and
£1i11 his xzeservoirs, irrigacion canals, and harbors wicth siiz. In
many cases, he used and wasted most of the easily mined mecals or
other needed =inerals. Then his civilizasion declined amidsrc the
despoilacion of his <:'-n c*eﬂ:ion or he moved to new land. There
have been fxroz ten ty different civilizarions rhat have
Zolloved chis road to

Is this to be the fate of

Perh.c

-t

DS we Da; carn I3 Lewis Carrol who wrote in his classic Tar

“e Leokinz Gleass ] ; eriand):

LL ¥ ot

Cheshire-—Puss she began, rather timidly, ".... woulé vou tell ce

please, wiaich way I cught to go frec here?”

Michael D.

l‘r—‘

That depends a good deal on where you want

gro-zor esc

Agency IcT

Develcopman

QOctrober;
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GRGANISATION DE LA PRODUCTION DU CHAREOH

D'OUEST

SYHTHESE DU PROJET

1, tles Antecedents

Le bois a toujours cte exploite en Haiti de fagon anarchique, particulie-
rement pour la production du charbon de bois, principal combustible uti -
1isé par la pcpulation urbaine haitienne pour ses besoins en ¢énergie do -
estique. A cdté de véritables désasires ¢colegiques que cette anarchie
.engendre, les principaux centres urbains du pays cenfrontent actuellermsnt
un probléme sérieux d'approvisionnerent en charben de bois. Il y a licu

¢'intervenir peur éviter une crise beaucoup plus aicue.

lature du Projet

Le Prejet se rapporte a 1'organisation de la production du charbon de beis

dans le Nord'Ouest. Il est &tudié pour une pcriode de vie utile de 25

ans. L'ctablissement du Projet Comportera des activités de reboisement,
ﬁ'encadrement des charbonniers en vue d'une utilisation rationnelle du
bols, sur la base de matiére premiére renouvelable, et l'organisation de

1la commercialisation du charbon de bois.

Objectifs

Liabjectif principal du Projet est 1'organisation de la production du
harbon de hois, par la rationalisatjion de toutes les activités (reboise-
ment, organisation des charbonniers, transport et commercialisation de la
production), qui s'y rapportent, en vue de contribuer a la satisfaction
de la demande de ce prodult, de lutter contre 1'érosion et d'amcliorer

les conditions de vie des charbonnijers,

Dans cctte optique, 5.800 has seront recboisés, dont 5.500 suivant la mé-
Cthode classique {plantations rationaelles) et 2090 suivant la technique




d - y -
de la rzise en defens. Pendant ce temps (2 ans) des méthodes de coupe
plus rationnelles seront enseignées aux paysans, ils seront également
conseillés sur uit mode de commerclalisation plus rémunérateur, qui

sera, a la dixiéme année, l» principale activité du Projet.

&, Localisaticn

Le Projet sera implanté dans le Département du Mord'Cuest. Il s'Stendra

tout l'arrondissement du 1i0le St-Micolas : 123.820 hectares doat la

5. Agence d'Exsécution

Pour l'eaécution cdu Projet, il sera créé une agence spéciale (Agence
¢'0Organisation de la Production du Charbon de Bois dans le ord'Cuest
A.0.P.C.B.N.0.) qui relévera directement de la Direction Générale du
DARIDR. Cette agence aura son siege dans l'aire du Projet, et sera

chergée de 1'organisation et de la Coordination de toutes les activi-

tés se rapportant au Projet.

8. Activités
Etablisscment de pépiniéres : Dés la premicére année, & pipiniéres se-
ront établies pour d2sservir les différents sites de rebolsenent;

Topograghic : Ddélimitation exacte des afres 3 reboiser par une equipe

topegraphique au cours de la prenicdre année;

Plantations : Pendant S ans (2éme a 9¢me année), 5.6C0 ha seront re -
boisés 3@ raison de 700 ha/an; dans cette perspective, des opérations

de désherbage et de regarnissage sont également prévues;

lilse en défens @ 20D ha seront als en défens. Il sera interdit tout

passage et tout pacage sur ces terres qul seront surveillces, des

lz premiere annde, par deun garde-forestiers;




Animation : En vue de l'eapleoitation rationnelle du bois, des conites
de charbonniers serunt formés par des animateurs polyvalents du Pro-
Jet;

Production de Tharbon : Le Projet adoptera la technique traditionnelle
de production : carbonisation dans des meules ou charboaniéres.
Cette technique denne de trés bons rendensats et permet l'utilisation

de beauccup de rain d'ocuvre;

Ccomercialisation : L'organisation de la commercialisation du charbon
de bois {(mi.~ en sac, transpsri, vente) sera la principale activite

du Projet a partir de lz dixiéme annér.

Cout et Financezent

Le colt total du Projet s'élévera a 14.250.52) gourdes, y comgris les
10% d'imprevus. Ces dépenses seront effectuées durant les 10 prenie -

res années ou péricde d'implantation du Projet.

Le financement du Projet sera assuré par le Budget Hational de Déve -
loppement (COHADEP), le Fonds Spécial de Reboisement (DARIDR), et pro-

bablezent le Fonds Agricole Allemand (HACHQ). ;j} T O S

J e
o i , - - —

Avantages ‘

L'un des premiers avaatages du Projet est une augmentation sensible de
la production du charbon de bois. En effet, des terres prstiquement
dcboisées vont pouvoir donner en 16 ans &.260.057 sacs de 30 kg de char

bon de boils. Cette production fera gagner 3 1'économie haiticane envi -

ron 31.70%.780 gourdes en évitant au pays 1'importation de }'équivalent

————

en mazout par exemple.

La population de l'aire concernée tirera cgalement de grands bénéflces :

865.000 journées de travail seront créédes en 10 ans, le revenu coanaitra




une augnentation de 257% passant de @ 409 3 ¢ 2.050.

Ce sera enfin 5.800 hectares soustraits a 1'érosion.

-

Evaluation Economigue

Les calculs d'actualisation au taux de 14% et étalés sur 25 ans, ont

Tourni les indications suivantes :

Ratic Avantlages/colts
Taux de rentabilité éconcmique interne

Valeur nette actualisce




DIBSLING "LEUCAESNA LEUCCCEFHALA,Y ZPiL-IPIL SZEDS:
a low cost mcthod of reforesteting cogonal arcss.t

In search for z way to reduce the costs of reforestating with Leucaena
soze are looking to the aserial seeding of Ipil-ipi) seeds. This method
of seeding was first tried on Corregider, shortly after World War II.
The difference between the aerial seeding of Corregidor and that of
d.nuded mountains elsewherse is that onz cusl remember that due to the
ixtense bombing of that rock: islznd by bech the Japanese and Americans,
the entire isl.nd was dzvoid of vegetation vhile denuded mountains are
generally covered with noxious grasses such as Irperata cylindrica
cogon" grass, Saccharum ssontzneum, "taizhib!. These grasses not
only prevent the aerizl scedad Inil-ipil sseds from reaching the ground
they (1) shade out any sezdlings tha: might sprout; (2) provide a
clizmate for grass fires which would kill zny seedlings which zight beccme
established; and (3) conctain a high population of rats, that relish both
Ipil -prl,seed as well as the ycung succulent seedlings.

Ca trial plots cenducted in Zaobales, Mindoro, and Cotabsto, Leuccena
leucocaphala, the new "Hawaiian Giant" Ipil-ipil, seeds were dibbled
cdirectly into the ground (the method of using a pointed stick to make a
hole in the ground inte which seeds sre dropped and then covered by a
sweop of the scil by cne's foot) _in the following three different field

preparations (1) regular Kairgin™ prepzcaiton; (2) the vlowing of fursues
through the ccgon with a carabac and plow; andé (3) oy the burning of .
the cogon prior to the seeds being dibbled into the soil. Ail three
methods achieved a r2asonable high survival rate of the Iipil-ipil
seedlings (607 and over).

Perhaps the firing of the cogonal areras is one of the cheapest methods
of reforestating denuded areas, slthough care must be tazken to control
and 1limit the area of burning for field preparaticn. It's best to let
the young-new cogon shoots rsach a height of 8-12 inches before burning
off the oid growth. TIa this way, the new grcwth drains the roots of
its stored energy which prevents rapid zecovery snd regrowth., This
tize to burn is st the early part of the rainy season.

To insure success in the estzblishment of Leucaens stands, tests should
be made to identify scil types and fertilizer “equirements. Then prior
to planting, the Leuczena sceds should be scarified, given a coating of
inoculum and pelletized with necessary fertilizer addicives.

8y: Michael D. Benge, USAID/Manila, Agro-forestarion Adwvisor
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There are ©Two types of Hhizobium (nitrogen vactoaria) that lives
in sywiiotic relatioaship wich legures and ther plants and
trees: e.g. alkali-pro iog Rhizobium stroins are associated with
legunas adapied to acid ils; acié~a*oduciﬂ“ Ruizotium rtrains with
leguozs adapged to alksl soils. 2uc2ans Leucoceo: ala, "Iazl—ipll
flourishes on veolcanic soil L hign “2se status such as oo limestone
areas. Its Rhizedium refl his in veing 2 £ast-growingz acid-
producer sund is g If associsted with this type of
Rhizobium, 2 no lize on poocr soils weculd be
expacted. (1)

However, : L roducing
bivm which , : : s he aﬂckeria
if

1ize should e usaé onlv

very acid or vang

*The Leucacna seed should by i in
ster at S0°C for w0 r' Al ler :reotnenh, gne seed can be
dried rﬂpidly (in the s ; en he stored In air tight
Trc:teé i the sced will maintzin as high as
on gfter 12 o

For acid-producing Rhiczobium. éustralﬁa developed a system of lime-
pelleting by wragping the seed after innoculztion, in a coating of
calecivn cartonste stuck cn vwrith 45% gum zrabic or 3% Cellofas A
(methyl ethyl celilvlose) or 57 purea methyl cellulose. Using thi

method, the acid-seun. ve bacteria are proiascted £rom the acid suxl
while nreoviding irmediately avound the germinated sead, z supply of
czlciun that zay be needed for nedulation. Good ﬂch-utloﬂ may bz
induced this wzy by a wary small zzmount of lime equal to about half

the uweight of the szad scun. (1)

On acidic soils, it is best to innoculrte Leuczens seeds with an
2lkeali-producer stxrain, such as CB81. After scarification of the seed,
to ovarcene nutriznt dnxlciencies during its estzblishment phase, one
should pelleczize the seed at a rate of: for =2ach & kg. of seed; wetting
is done with a 3% sgquecus scolution of z non-towic sticker (cellophas),
the pezatnocuium (CBB1) are then applied and the secds are coated by
rolling in 3 mixture of 1 kg. of finely zround tock phosphate with 4Q0
srams of nmolybdenum trioxide added. This acount of molybdenuz is enough
to last for 35-7 years (malybdenum is important in the premotion of the
establisfiment of Rhi tebivm) . On sulfur deficient soils calcium sufate
should be used in place of voeck phosphate. On acid soils calcium carbo-
nate can be used os z replacexseat.  (4)

=pPrveleped Ly CISRG, the
Acgtralia.
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In specific prodlem areas of Southarn iew Vales requiring aerial souing,
pelleting is done in what is tewvmed the "Ihree Step Process™ (by F. Eely
of C.S.I.R.0., Cznbaria) (3). 1In this process vastly increased aumbers
0% bacteria (790,000-390,009 per secd) zre stuck on by first 3llowing
tre seed to sock up a dactarial broth, then adding 2 pallat incorporz-
ting a heavy innoculatice with peat culture /C8-81), ané Iimally ziving

an outer coat of clay andé lime sad ~um aralic to make a touzh pellet.
This process is designad te overcome by cheer weight of numbers exces-
sive mortality »f rhe bacteriz in the period betwveen air drop and

the successZui parmination of the sszed vhich may be several wezeks later.

es
r

gzested by Dr. Rajymond
p2llet forr (super-
alreedy

r (USAID/FSIL) - e) Z
1ole while zt the ss 2 ' racL phosphate
3-4 jaches frc , pellet will
‘zer for the lishment.
lertilizer i l coung seedlings.
avily infacted cogonal argas nay need one veeding
reccomerded planting spacing is on2 meter Ly one

On test plots 2-1/2 wonths L na s22adlings, of the same variety,
were transplanted to au23s te those plantec by thz direct
seeding nethod. 3Soth planti 1o x1m. 7The direct seecd2d

Leucaena uas »lanted a2t the 3 2 as when the older scedlings

were transplanted. The cdibbled anca“na s growth exceeded that of the
transplants. Soth received the same treatments of fertilizer.

Giant Ipil-ipiy" seﬁﬂs czn ©a

To reforestate large area, dibbling, Leoucazena leucoczohzla, "Hawaiiaa
ria3]

:a51ly rvedece glanzing costs.

In cogonal arcas, highly susceptitle to grass fire, it is recoum<nded
that firebreaks of Leucaena be planted. #n easy method of estabiish-
ment is by plswing €urrows on the contour of the hilis znd planting
bands of Leucaena to serve as a firebrezk. This should be done prior
to larger sczle planting operatioms, FoT a firebrveak [Leucaena should
be p arged =1 a f[ive -etzar band ccus'stirg - £ paired r~ws one -reter
apart The Lencaerna nlarts should be spaced from 10 ¢~ 15 o in t-w
and the »a'red r~vs 29 c¢- apart
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Technical Assistance concerning the pelletizing of Laucaena
seed can be obtained from Dr. Santiago N. Tilo of the Dept. of
Soil Science, UPLB. CB8l Rhizobium can be obtained {rom

the Soil Microbiology Laboratory, Dept. of Soil Science, UPLB

{(Mirs. Erlinda S. Pzterno) or {rom the Bureau of Soils,

-

Norris, D.C. 1967. THE INTELLIGENT USE OF INNOCULANTS
AND LIME PELLETING FOR TROPICAL LEGUMES. Tropical
Grasslands, Vol. ], No. 2, C.5.1.R. 0., Queensland, Australia.

Gray,"S.G. Hot Vater Seed Treatment for Leucaena Clauca {L.)
Benth. Reprinted from Australian Journal of Experimental
Agriculture and Animal Husbandry: Vol. 2, Aug. 1962.

Heley, ¥. 1965 - Survival Studies with Rhizobium trifolii on
seed of Trifolium incarratum L. innoculated for aerial
sowing. Austrzlianp journzl of Agriculture Research 16:
575-589. As cited by Morric (Op. Cit. ).

Hutton, E.lM. 1977, Division of Tropical Crops & Fastures,
C.S.1.R. 0. Queensland, Australia (unpublished paper).

Jones. R. 1977. Division of Tropical Crops & Fastures,
C.S.L.R.0O. Quesensland, Australia (unpublished paper).
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DISSIMINATION © ) : ING STCOVES
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Pyrolysis is a process ancient as civilization itself. Charcoal produc~
tion in almost every culture has been a mark of the beginnings of organized
society. However, pvrolytic conversicn of wood into charcoal by means of the
¢raditional batch-type."earth,mgpﬁd“ processes is very inefficient and does
not perait recovery of another, almost egually valuable product of pyrolvytic
conversion —— the pyrolytic oils. These oils cannot be ignored, especially
.oday, since they represent a potential source of energy for industrial and
utility boilers. The corrosive nature and odor inherent in the oils requires

special handling and storage procedures.

In additicn to the charcoal and oil, another by-product of pyrolysis is
a clean-burning but relatively low-energy gas which could be used in many
situations where a gaseous fuel is reguired.

-

while earth mound kilns aye not very efficient, several tyres of inex-
pensive, easily constructed kilns are available today that can produce large
amounts of charcoul with relatively minor laber reguirements. Although these
kilns do not presently allow oil recovery, they do provide a low-cost means
for charcoal production and are especizlly well suited for reforestation
.astes -- the larger pieces in particular. Since the major waste production
in Ghana is clirrently from the reforestation project sponsored by the Ghana

government to promote oil palm production, the use of simple low-cost kilns,

. s e 1 . .
such as the Missouri kiln (l),—/ as a major means for energy conversion should

not be overlooked. The charcoal thus produced would be well suited for domes-

tic consumption and also could be used as a fuel in coal-fired boilers such as

locomotives, which presently recuire expensive imported coals.

-
-

- —— - e w = -

1/ Earl, D.E. A report onm Charcoal. Food and Agriculture Organ-
ization of the United Nations. Rome. 1974.
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Wnile the potential for charcoal productian using the kilns ig large,
there are still problems associated with the collsction of the wastes. This

is especially significant so far as the reforestation project is concerned. 1In
situations where the wastes are already collected, a premising means of Dyroly-
tic conversicon involveg conzinuous, rather than hatch (kiz -type, processes.
Since very large quantities of these process wastes suitable for continuous
processing presently are available in Ghana, it appears that continuous pro-
cesses oderating on these type wastes offer an attractive alternative to kilns,

especially since oil recovery is then feasible.

Various types of modern continuous-£low dyrolysis processes have been

velosed recently in the United States and elsewhere to emphasize the produc-
--on of one c¢r more of the products of pvrolysis. Characteristically, these
processes reguire the wastes to be shredded into relatively small pieces which
can be handleé easily. Primarily, these processes tend to waximize the pro-
duction of gas, with the oil a secondary by-procduct and the char reduced essen-
tially to ash. This is because 20st of these processes have heen developed to
deal with municipal wastes and have assumed the proximity of a large gaseous-
fueled industrial or utilicy tvoe boiler. Clearly emphasis on uas Production
for a system to convers agricultural and forestry wastes would be a serious
mistake because of the problem of storing and/or transporting the cas to a user.
There is a systen, i.e., the Garrett Process, that emphasizes the Production of
2il, but it ig very complex and requires significant preprocessing of the wastes.
I._ feasibility when applied to agricultural and forestyy wastes and when oper—

- ated in a rural environment is doubtSul.

Typically, high-temperature processes emphasize gas production, while low—
temse*atn*e processes emphasize char and oil production. Conveniently, low-
temoe*acu.e Drocesses can be made of Cheaper materials ané can be made o
Operate in a simpler manner than the higher-temperature processes. This favors

their use in a rural environment, especialil in a developing nation such asg
3 Y 43

}Ghana, wnere spare parts are not always conveniently available.

A number of continuous low~temperature dyrolysis prccesses also have been
ﬂevelosec throughout the world in Tecent history; perhaps the simplest ang oost
;romisiwc involve vertical Tetorts through which the feed basses. In almost
.ve*y case these processes are sels =-sustaining, with the heat reguired to dry

d carbonize the as-received wet wastes being supplied through ccmbustion of




either a small part of the feed itself or the products of the pyrolytic conver-—
sion. All these processes possess basic similarities and Giffer mainly in the
manner in which the auxiliary heat to facilitate the drying ané pyrolvtic

conversion is applied.
[ ]

Several examples of this of retort include: the basic Stafford retort
{2) used very widely over the ¢ 50 vears in the U. S. and elsewhere for prmo-—
duction of charcoal ané liquié by-products; the Mellman retort (3); the Lambiotte
retort (4); the de Bartolomeis design (5); the Barneby process (6); the Georgia

Tech design (7).

Wnile continuous processes allow oil recovery, they generally are more
mplex and more expensive than simple kilns. Likewise, they are more vulnerable
to shutdowns in LDC's because of reduced spare part availability. Moreover,

- they require some or extensive preprocessing of the waste feed.

Since the character of the wastes in Ghana varies widely, a process that

- would accept all kinds of materials in various sizes and shapes and yet still

be most decirable. Clearly it also should maximize
o1 &5

A preliminary description of a system

having these properties is presented in a later section.

in reviewing the previously mentioned problems of using agricultural and
‘_’ restry wastes for enexgy production, it is useful to note that law-temperature
pymlysis systems produce dense, dry, high-energy fuels that can be easil
stored and transported and used in existing facilities with little or no modifi-
cations. By making the system portable, the seasonal character of the wastes

can be dealt with. Thus the problems characteristic of using these wastes can

be significantly reduced or resolved using low-temperature pyvrolytic conversion.




AGRO-FORESTATION

As defined - the planting of denuded or culrivated slope lands with
perennial tree-species and siz=ultaneously cultivated with other tree
species and/or wich annual crops. The perennial trees =—ay be in a

pure stand but cultivated on a short zotation basis for the specific
purpose of producing particular end-use products for specific markets.
Agro-forestation may bpe multi-purpose in nature wherebylLaugee=a could
be first planted and harvested for wood use such as banana props, fuel-
wood, etc.; then alloved to regenerate to be harvested as forage,

green ferzilizer, seeds, etc.

Properties - Leucaena, as a cemder of the legume family, is knowm to
possess the characteristics of nitrogen fixaction in its roots as well

as the accuzulation of nitrogen, phosphate and potash in its leaves.

The exact guantity of the available amounts of each =ineral is yet to

be determined but tests carried ouf az the University of Bawaii
(Guez=01976) has established the fact that it produces sufficient
quantities of N-P-X to adequately fertilize (applied as a green canurve
zulch) annual crops at a ratio of 1 ha. of Leucaena to 2 has. of annuals.
This i3, of course, dependent upon soil fertility and population

density. Leucaena's reputation as a fast growing species (Brewbaker
1975, Rawagan and Semana 1978) makes it a finzncizlly compatitive
species to be sericusly considered as voth a forest crop on a short
totation as well as a viable pioneer reforestation species for denuded
laands (francia, 1961 and Azos, 1955).

Celrural Practices - Leucaena used as a component in an Agro-forestatiom
scheme can serve well as a companion tree crop and shade tree. Planted
as a source of fertilizer it can easily be worked into schemes incor-
porating bapana, abaca, coconut, coifee, cacao, pamdboo or other trees.
Leucaena which is planted for the primary purpose of short or long

term wood production such as firewood, charcoaling materials, etc.

could be feasibly ianterplanted with shade tolerant annual crops such

as the family of Dioscorea and the edible aroids. Ocher schezmes coculd
be devised whereby deauded hillsides in proximity to lands cultivated

by shifting (swidden slash and bdurn) cultivators could be planted to
Leucaena in five meter bands om the contour of the hillside with
interspacings of one meter by one meter; and alternating ten meter bands
could be left open to D& planted with annual crops of corn, rice, etc.
Leucaena-after 1-1/2 to 2 years could be harvested as a wood crop and
the remaining stumps allowed to coppice. The regrowth could be cut and
applied as a green manure to annual crops planted in the vacant areas.
Such a planting would allow for a well established root system to develop
which would insure larger supplies of minerals stored in the Leucaena




leaves, giving them a grearer ferzilizer value. Agro-forestation
schemes such as these would stop the destruction of valuable timber
cut in the slash aud burp practices; reduce soil erosion ard degrada-
tion, while decreasing the area of land required to support shifrinag
culrivazions, transforzing them into a sedentary (staticnary) agriculture
practice.

]
Lencaena - is adaptable to varying systems of cultivation aside from
the above mentioned and numercus schemes may de in actual practige, but,
as of this rime they are unknown to those researcherzs. Much research
is needad to answer the many questions which may evolve from the use of
Leucsena in Agro-forestation systems; this is in the areas of production
and eavironment. Yet such agro-forestation schemes offer promising
alternatives to the existing problems faced, embraciag hillside farming
and denudation.

Production estimates - Agro-forestation systems which incluede Leucaena
have the potential to increasn income of the hillside and shifting
swidden (slash and bumn) cultivators. In cthe case of the shifting cul-
tivators it should decrease hls lador ianput of field preparation which
could be diverted to other activities to include increased area which
he =~ “id culrivaze. In areas of limited availabple arable land, if is
@ .t to note that an increase cf one-third total laad area would be
equired in a system utilizing Leucaena as a source of cut and carxy
arrilizer. Such a system would provide a source of Iree fertilizer,

a co=modity which is normally unavailable to the shifring cultivators.
3rawbaker and (Cuerrero 1375) reports a 133% yield increase of corn
fercilized with Leucaena over that of an unfertiiized plot. TFrancia
(1961) reported a dounled inccme Teturn per hectare by gTowing a common
Philippine variety of Laucaena as a firewocod compared to rice, corm,
coffee and ananas.

o

rn

Bawagan and Semana (1976) recorded a trunk yield of 45 cu.m./ha.yr.

and a branch yieid (down to four cms.) 10 cu.zm./ha./yr. on a2 stand of
X-28 Leucaena planted at Canlubdang Sugar Estates, Calamba, Philippines.
Oth2r projected yialds from dense stand of Leucaena at the University
of the Philippines at Los Bancs were considerably higher. A ylsld of
this type sold at 232.00/cu.m. would give a farzser oa income of
?2,240/ha./yr. (calculated @ 27.5 to $1.00 U.S5.). 3Benge and Curzan
(1976) estimated that Leucaena firewood farsers at Los Banos were capable
of earning £5.622.21/m./yc. by selling wood at a roadside price of
?1.20 per bundle. Lugod (1975) escimated vields of 30 mc./ha. of a
variety of the root crop Dioscorea could be gained from interplanting
this crop under a nor=al forest canopy. This yicld seems exceptionally
high. A market price of Dioscorea at P.50/kg., m:ltiplied by Lugod's
projection of 30 mt./ha., sould give an income of ?15,000/ha./yr. in




addicion to the wood crop. Root crops normiily give a 254 to 50%
response to fercilizer applications. XKoot crops planted under
Leuczena would presucably give a higher yield.

PICOP (Paper Industries Corporation of the Philippines) (1973) gave

a profit of $2,312.00/ha/yr/ for tree farmers who raised Albizia
falcacaria. This was cver and above their maintenance crops of rice,
corn, sweet potatoes, atc. which had been intercropped. Leucgena
sold as a firewood ot coanverted to charcoal has a much higher per cu.
seter value than that of Aldizfa. 3Benge and Curran (1976) gave a per
ha. income of 22,400 for charccal producers who sold their product at
a2 wholesale price ©of 22006.00 ($2£.30 U.S.)/M.T. The aforementioned
Agro-forestation producticon estiuw s 3re Dy no z=eans conclusive.
Yields, of course, depend upen soil fertility, management practices
as well as many other factors . The nst profit gaia depends upon the
type of product, market price and logistics iavolved. The peint

that is stressed is that Leucaena is a versacile plant which can be
utilized in many wavs in systems which will reforest (not in the
classical sense); offer eavironmental protrection to the soil; while
producing Zood and/or forest products with a markec value to enable
hillside fargaraco significantly improve their standard of living.

ways been a major problem in reforestation. Each year,
to waste. Firelines cons-
5y clearing 10-20 zezers wide strips around the plantation ar
not only expensive dutf also not 2ffective and short lived. Leuczena
leucoceshala planted very closely on newly constructed firelinem could
nrovide an effective, inexpensive and year-round fire bread. It will
also serve as an efficient windbreak.

Michael D. Benge
USAID/agro-forestation Division
USAID/Manil






